Objectives Curcuma caesia has shown positive results in treating number of diseases, but till date no work was reported on its activity in diabetic neuropathy. So, the present review aims at exploring several hypothesis which can be proposed to explain further its utility in diabetic neuropathy by its antioxidant property, anti-inflammatory, CNS depressant effect, antibacterial and antifungal property. For finding the accurate and exact detail, a thorough review of all the available research and review article was done. A number of book chapters and encyclopaedias were taken into consideration to find out the origin, botany and genetics. The databases were searched using different keywords like antioxidant, inflammation, turmeric, diabetic neuropathy. Key findings After getting data on pathogenesis of diabetic neuropathy, it has been found out that its role as antioxidant will reduce the level of oxidative stress which is the main reason for the occurrence of the present complication. Apart this, the anti-inflammatory activity will further prevent the inflammation of neurons and antibacterial effect will inhibit the spread of infection. Combining all the factors together, the plant can be utilized in the treatment of diabetic neuropathy. Summary Curcuma caesia can be proved as a useful approach in the treatment of diabetic neuropathy.
Introduction
Diabetes and the associated complications has become a global epidemic disease of 21st century thereby affecting a greater fraction of population worldwide. Based on the current survey of International Diabetes Federation (IDF), there are almost 73.12 million people in India only who are suffering from Diabetes and globally it is expected to rise from 450 million in 2017 to 691 million by 2045. [1] Diabetes is not only a health issue but it is a worldwide disaster which not only causes personal suffering but it drives the families to poverty. It is also creating a lot of burden on the government to provide health schemes or treatment remedies at economical cost.
Viewing the enormity of the disease, it has become a matter of concern to explore new therapeutic areas which can be proved as a boon to human. Furthermore, the understanding of the basic mechanism of disease is the need of the hour. [2] As far as the treatment of this disease is concerned, there are number of conventional approaches available but treatment using herbal approach is our main concern as it is: 1 Economical 2 Easily available 3 Have more adherence with people 4 Produce no side effects
The already marketed drug Digitalis have elicited excellent potency as the positively ionotropic drug and anticancer drug like Vinca alkaloids, Paclitaxel which has proven itself as a blessing and are irreplaceable by any other drug. But at the same time, they are associated with array of side effects. Keeping in view these remarkable results, scientists have shifted their research interests towards herbal plants. Although a number of plants like Allium sativum, Gymnema sylvestre, Citrullus colocynthis, Annona squamosa, Acacia arabica, Ficus bengalnensis etc. which have proved their efficacy as antidiabetic till preclinical stage but the clinical studies are still pending. [3] The prior requisite for using any herbal drug as treatment remedy is proper optimization and standardization for clinical use.
Another plant is Curcuma caesia, on which number of animal experiments are conducted to explore its potential in diabetes and associated complications. The animal experiments have resulted in the exploration of number of useful aspects of C. caesia like Hexane Rhizome Extract (HRE) from South Indian Black Turmeric (C. caesia Roxb.) interferes with multiple signalling cascade to prevent and target cancer apoptosis, [4] potential of isolating peptide antifungal compound shows potency against Candida albicans, [5] ethanolic extract of C. caesia has shown highest amount of phenolic content which has shown equivalent amount of antioxidant and antimutagenic activity, [6] antibacterial efficacy of plant from bastar district of Chhattisgarh, India, [7] hydroalcoholic extract of rhizomes inhibit the calcium ion release in the extracellular space leading to the smooth muscle relaxant effect, [8] protective effect against cyclophosphamide-induced liver & kidney damage by reducing the oxidative stress and inhibiting the generation of reactive oxygen species, [9] development of photo-chemoprotective herbs containing cosmetic formulations for improving skin properties. [10] The main aim of the present review is to elucidate the detailed mechanism of action of the extract of C. caesia on the pathological condition of diabetes and associated complications. By linking the pathology of the disease and gaining the knowledge of extract pharmacodynamic parameters, we can make the full potential utilization of plant extract in a useful way to combat the disease.
Diabetes-Linked Complications
Diabetes is a metabolic disorder of multiple aetiology characterized by chronic hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action or both as defined by WHO.
Based on the cause, it is mainly categorized into three main types (commonly accepted): 1 Type I insulin-dependent diabetes mellitus (IDDM), 2 Type II Non-insulin-dependent diabetes mellitus (NIDDM) 3 Gestational diabetes which occur in pregnancy only
The other two types of diabetes are as follows (less known): 1 Monogenic diabetes -for example MODY 2 Secondary diabetes -for example Cushing's disease or acromegaly
The common feature in all types of diabetes is hyperglycaemia which is regarded as the hallmark of diabetes and is mainly responsible for the associated complications which are tagged as the after-effects of diabetes The combination of these pathway urges the overproduction of reactive oxygen species in mitochondria which is the root cause of all the disease [11, 12] which further precipitate two kind of complications microvascular and macrovascular: 1 Microvascular complications: Nephropathy, retinopathy and neuropathy 2 Macrovascular complications: Coronary artery disease, peripheral vascular disease and cardiovascular disease Among all the above-mentioned complications, diabetic neuropathy is the second most common complication causing post-traumatic nerve damage, affecting at least 20% of diabetic adults, which will extend up to half soon. [13, 14] It is reported that there are 25 times more number of foot amputations in diabetic neuropathy patients in comparison to non-diabetic one. [15] Therefore, it implicates the need for some clinically effective treatments that can manage the pain as well as foot amputations. But before going for the treatment aspect, we should be well-versed with the pathogenesis of the disease which itself is too complicated to understand.
Pathogenesis of Diabetic Neuropathy
Diabetic neuropathy (DN) is the most common and troublesome complication of diabetes mellitus, which generate greatest number of morbidity and mortality. It is the second most common cause of post-traumatic nerve damage. [16] It is not always painful rather it can be painless also. However, 12% of all diabetic patients have symptomatic painful diabetic neuropathy while others remain symptomless.
Nerve damage is likely to occur due to a combination of following factors: 1 Metabolic factors, such as high blood glucose, long duration of diabetes, abnormal blood fat levels and possibly low levels of insulin 2 Neurovascular factors, leading to damage to the blood vessels that carry oxygen and nutrients to nerves 3 Autoimmune factors that cause inflammation in nerves 4 Mechanical injury to nerves, such as carpal tunnel syndrome 5 Inherited traits that increase susceptibility to nerve disease 6 Lifestyle factors, such as smoking or alcohol use. [17] Alteration in Blood Vessels
The alteration in blood vessels in response to hyperglycaemia occurs by three ways (Figure 2 ): 1 Modification in membrane of vessels 2 Loss of multifocal fibre 3 Increased plasma proteins penetration All the three factors cumulatively result in increased oxidative stress, thrombus formation and loss of multifocal fibres. [18] [19] [20] 
Metabolic Disorders
The decreased secretion of insulin by beta cells of pancreas impairs the process of glycogenesis. The extra amount of glucose will not get converted to glycogen hence it will remain accumulated in the intracellular membrane and further contribute in the development of neuropathy by the following ways [21] [22] [23] :
Myo-inositol Depletion
Myo-inositol is essential for nerve conduction and is present 30-fold higher in peripheral nerves than in plasma. [24] The patients suffering from diabetic neuropathy suffers from a huge depletion of myo-inositol which further leads to decreased Na + K + ATPase activity and hence decreased nerve conduction. [25] It has been also proven that high myo-inositol levels are also associated with nerve regeneration despite the low levels of polyol observed in diabetic patients. Consequently, elevation of myo-inositol levels might be considered as compensatory mechanism to prevent nerve damage. [26] Advanced Glycation End-Products Assay
The increased amount of glucose & fructose forms covalent bonding with structural proteins of nerves and blood vessels which instigate the formation of AGE. [27] These products perform the following functions: 1 Alter cellular functions like focal thrombus formation and vasoconstriction and affect cellular DNA 2 Alter blood vessels 3 Excessive nerve rigidity & impair axonal transport as tubulin glycation inhibit tubulin polymerization [28] 4 Interaction of RAGE with AGE results in segmental dissociation associated with diabetic neuropathy. [29, 30] 
Activation of Glial Cells
The activated microglial cells present in the spinal cord instigate the neuropathic pain by releasing the inflammatory mediators involved in allodynia and hyperalgesia through the involvement of p38MAPK pathway. The inflammatory mediators which are released in neuropathic pain are IL-1b, IL-6, TNF-a, metalloproteinase MMP-9 and monocyte chemotactic protein-1(MCP-1). The release of these proinflammatory cytokines and oxidative stress get elevated with increased level of hyperglycaemia. Thus, the initiation of pain in diabetic neuropathy is mediated through these inflammatory cytokines which are activated by microglia. [31] Neurons are present all over the body under different nervous system, based on the area of which the nerves have been damaged and it is categorized into four different types:
1 Peripheral (distal polyneuropathy): Causes pain or loss of feeling in the toes, feet, legs, hands and arms. 2 Proximal (diabetic amyotrophy): Causes pain in the thighs, hips, or buttocks and leads to weakness in the legs. 3 Autonomic: Causes changes in digestion, bowel and bladder function, sexual response, and perspiration, heart and blood pressure, as well as nerves in the lungs and eyes. 4 Focal (Mononeuropathy): Sudden weakness of one nerve or a group of nerves causing muscle weakness or pain.
Treatment of Diabetic Neuropathy
The neuropathic pain is so traumatic and relying on the pain killers for treating it, furthermore till date there is no direct regimen which can directly act on inflamed neurons to heal them up. The use of the indirect remedies to cure the degenerated neurons is quite common after in spite of the awareness about their side effects. The primary aspect of the treatment includes keeping the sugar level under control to prevent the worsening of situation, otherwise no pain killer and other drug will be proven boon. Currently used drugs include antidepressants, anticonvulsants and opioids which are given in combination with insulin or other hypoglycaemic agents to prevent the consequences of hyperglycaemia but keeping this for a long time is always questionable remedy and cannot be taken for long. Thus, there is a great need to find the agent which could target all the pathological glucose events at once and at same time lowers blood glucose levels and suppresses its progression into subsequent diabetic complications.
Curcuma caesia and its phytochemistry
Curcuma caesia commonly known as black turmeric is a perennial herb, belonging to family zingiberaceae. It is herb which grows predominantly in India, Malaysia, Thailand and Indonesia. In India, it is sparsely found in Northeast and Central India like Papi Hills of East Godavari, West Godavari and Khammam Districts of Andhra Pradesh. [32] From ancient times, black turmeric is famous for its traditional as well as medicinal uses. Till date, this plant has not been explored completely for its pharmacological activity, but research is still going on to investigate all its properties. Some of its reported activity are its use in the treatment of smooth muscle relaxant activity, haemorrhoids, leprosy, asthma, cancer, epilepsy, fever, wound, vomiting, menstrual disorder, anthelmentic, aphrodisiac, inflammation, gonorrhoeal discharges, etc. [33, 34] The wide acknowledgement of the plant and its benefits is due to the presence of phytochemical constituents like flavonoids, glycosides, phenols, polysterols, alkaloids, carbohydrates, oils, amino acids, terpenoids, saponins, tannins, carbohydrates The presence of the compounds is indeed solely responsible for different pharmacological properties elicited by C. caesia viz. antioxidant, antimutagenic, antifungal, anti-inflammatory, antibacterial, antiasthmatic, analgesic, anxiolytic, antiulcer, CNS depressant and muscle relaxant property. Based on the HPTLC reports for quantitative estimation of C. caesia, we have found three major constituents in the rhizome powder curcumin, essential oil and oleoresin which prove its authenticity.
The essential oil contains 37 different compounds like 1,8-cineole (9.06%), ocimene (15.66%), 1-ar-curcumene (14.84%), camphor (18.88%), d-linalool (20.42%), borneol (7%) and zingiberol(12.60%), camphor (28.3%), arturmerone, (12.3%), (Z)-b-ocimene (8.2%), arcurcumene (6.9%), 1,8-cineole (5.3%), b-elemene (4.8%), borneol (4.4%), bornyl acetate (3.3%), a-curcumene (2.8%),â-caryophyllene(2.6%) and endo-fenchol (2.3%).
Besides the essential oil of rhizome, some content is there in the leaves as a-Pinene (1.5), b-pinene (6.3), myrcene (0.5), limonene (2.1), 1,8-cineole (27.0), camphor (1.68),  linalool (2.8), b-elemene (2.4), borneol (8.7) , a-terpenol (5.2) and eugenol (2.0).The leaves showed only presence of curcumin while there was absence of dis-methoxycurcumin and bis-demethoxycurcumin. [35, 36] Proposed mechanism of action of Curcuma caesia A number of pharmacological activity have been reported by this plant but a deeper exploration is needed to study the mechanism behind these activity and the phytochemical constituent responsible for the same. Wide proposals have been explained in the present review to predict its beneficial role in lowering hyperglycaemia (Figure 3 ).
Curcuma caesia reduces oxidative stress
The oxidative stress occurs as a result of imbalance between the generation of reactive oxygen species and the inability of the body to detoxify the species or to repair the damage produced. The generation of reactive oxygen species disturbs the whole environment of cell like protein, lipid, DNA and can even produce changes in the structure of DNA leading to mutations and various other complications like diabetes, coronary artery disease Thus, to prevent this unevenness we need to have antioxidant which can neutralize the effect of these species instantly. The marketed preparations like butylhydroxytoluene (BHT) and tertiary butylhydroquinone (BHQ) which are used as antioxidants are associated with side effects, and to combat this, we are in great demand of some herbal extracts which can produce potent effects with no side effects.
Till date, the research activity carried out on C. caesia have validated its antioxidant activity as well as its shielding effect in case of toxicity and cancer because of the presence of phenols and flavonoids in its rhizome extract. The phenolics are the compound in which hydroxyl group attached to benzene ring structure provides them the ability to act as free radical scavenger. The other mechanisms observed for its antioxidant activity include free radical scavenging ability, hydrogen or electron donation ability, chelation of redox active metals ions, modulation of gene expression and interaction with the cell signalling pathways. [37] Phenolics also act by retarding the oxidative degradation of bio molecules. [38] Besides phenolics and flavonoids, curcumin acts as a superoxide radical scavenger [39, 40] and as a singlet oxygen quencher. [41] Among the naturally occurring curcuminoids, tetrahydrocurcumin, one of the main metabolites of Curcumin, exhibits the most potent antioxidant activity. Curcuminoids are capable of inhibiting damage to supercoiled plasmid DNA by hydroxyl radicals. It was concluded that, bis-demethoxycurcumin and demethoxycurcumin are good in trapping the DPPH radical as efficiently as a well-known strong antioxidant, that is, curcumin.
Due to the virtue of above-stated facts, C. caesia can be used as a potent antioxidant and hence can delay the progression of diabetes and if taken on preventive basis might prove beneficial even in the generation of the disease and the associated complication like neuropathy.
Curcuma caesia depresses central nervous system
The depression of central nervous system is required during anxiety, insomnia, mania and stress. At present, anxiety and stress are the most frequent psychiatric conditions commonly found and most of the population suffers from these conditions at some time during their life. It is also one of the most common symptoms observed in diabetic neuropathic patients and the patients suffering from this disorder do not receive even the most basic treatment. Therefore using a herbal approach in the form of C. caesia which contains flavonoids and tannic acid, tannic acid has been shown to be a non-selective inhibitor of monoamine oxidase, thereby increasing the levels of monoaminergic neurotransmitters in the brain. [42] Another mechanism elucidated for this activity is the modulation in the level of tyrosine or dopamine, and thus, psychological stress can be reduced and concentrations of nor adrenaline may improve stress. [43] Besides its CNS depressant activity, it also exhibit muscle relaxant feature which is owed due to reduced level of 5-hydroxytryptophan (5HT). [44] Apart from the above modulation, it also inhibit dependently and non-competitively cumulative Ca 2+ -induced contractions in the depolarized aorta. Hence, it may inhibit Ca 2+ ion influx via voltage-operated calcium channels (VOCC) opened by 60 mM KCl. From the above mechanisms of action, we can hypothesize that its interference in conduction can prevent the occurrence of neuropathic pain as well as the CNS depressant property and can be utilized to relieve the stress and anxiety. [45] [46] [47] Antibacterial and antifungal property of Curcuma caesia Curcuma caesia shows a strong antibacterial, antifungal and is also cidal in nature. It shows shielding effect against number of Gram-positive and Gram-negative bacteria as well as the fungal infection caused by C. albicans. The methanolic extract of the root and the crude protein obtained from the plant are responsible for bactericidal and fungicidal property. The stronger protection offered by its phytoconstituents can be utilized in reducing the number of foot amputations which are increasing day by day. [5, 7] 
Conclusion
Diabetic neuropathy is associated with hyperglycaemia which further acts as a harbinger for number of pathological conditions. The former cause is the generation of reactive oxygen species which later develop into oxidative stress and is also responsible for neuron degeneration and release of inflammatory mediators. Studies exploring the activity of C. caesia have concluded that the plant has the ability to reverse all kinds of pathological changes which occur in diabetic neuropathy. Thus, it can be proved as a boon in natural therapy for treating the diabetes-associated complications.
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